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 Snails are important part of our terrestrial, freshwater and marine ecosystems. They are  
molluscian members having their effective role in biomonitoring, nutrient cycling and medici-
nal development. They are integral part of food chain system and have direct or indirect  
impact in maintaining ecological functioning. Besides their importance, they are documented 
with largest extinction rate as compared to other existed taxa. This is due to the fact that,  
unexploration and poor attention has been given in the research and development by the  
scientific world. Till now, a little information is available related to systematics, life history, 
population biology, threats and conservation status of these slimy organisms. This paper 
briefly reviews the diversity of terrestrial, freshwater and marine snails with the existed 
threats with their conservation approaches which may proved to be fruitful in developing 
awareness related to the snails in the society. 
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INTRODUCTION 
 
Within environmental and ecological studies, the snails have 
their own place. They are soft, shelled gastropods with unseg-
mented body of different origin having huge diversification in 
land, freshwater and marine ecosystem (Vermeij, 2015; Jo et al., 
2020). These are known for a coiled shell used for shelter.  
Animal is completely retracted into it during any physical and 
chemical change in the near environment. These mollusc mem-
bers are highly sensitive towards the surrounding activities as 
they respond accordingly (Dhiman, 2020). Presence of various 
pollutants, heavy metals affect snails in a manner that one can 
predict the presence of these contaminants in a better way by 
analyzing physiological and behavioral changes of these small 
and slimy creatures (Coeurdassier et al., 2001). Therefore, they 
act as biological indicators off the environment (Eeva and  
Suominen, 2010; Baroudi et al., 2020). For the sustenance of life, 
snails require certain level of moisture content and some sort of 
other favorable environmental conditions such as suitable tem-
perature range, neutral pH, calcium rich food, decaying organic  
matter etc. They have significant contribution in ecosystem 
functioning (Astor, 2014). Snails are on the bottom of food chain 
and are fundamental part of the ecosystem (Shachak and  
Steinberger, 1980). These small creatures provide calcium rich 
diet for many species of marine birds, terrestrial snakes and 
lizards during their life cycle. Studies confirms the use of snails 
as a calcium rich food source by wild turkey during egg lying 
season (Mänd et al., 2000; Dhondt and Hochachka, 2001). They 
are also used as diet supplements in African countries. Their 
meat is utilized as a protein rich source in fighting malnutrition 
in the region (Adeyeye et al., 2020). Snails have significant role in 
nutrient cycling as they participate in organic matter decompo-
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sition and regulating microbial activity in the soil (Moslemi et al., 
2012; Ebenso and Isong, 2020). Recently, snail residue of golden 
apple snails was used to regulate soil acidity and nutrients  
release in non-irrigated farm lands of South China (Wang et al., 
2020). Their eating habits are plants specific and many studies 
reported their specific food preference for consumption (Kiss, 
2017). Recent study on the food choice of Megalobulimus  
paranaguensis shows that this air breathing snail prefers fresh 
Malvaviscus flowers for its feeding (Miranda and Bôas Correia, 
2020). Similarly, golden apple snail prefers the consumption of 
macrophytes having higher nitrogen and calcium level (Pouil et 
al., 2020). They also affect the distribution pattern of plant  
communities in terrestrial and aquatic ecosystem. Their habit of 
selective grazing imposes a greater impact on the distribution of 
plant species and other macrophytic community. For example, 
pulmonate snails selectively graze on submerged macrophytes 
thereby influences their distribution and population abundance 
in the freshwater ecosystems which in turn negatively affects 
the distribution of benthivorous fish (Chen et al., 2020). There 
are little evidences of spore’s dispersals by snail species also 
(Boch et al., 2011). It has been found that snails act as vectors of 
bryophytes spore dispersal and their propagation (Sabovljević 
and Sabovljević, 2020). Apart from their essential role in the 
proper functioning of our ecosystem, the snails disappearing 
just like other species of flora and fauna due to ignorance and 
lack of conservation approaches and ecological studies. 
 
DISTRIBUTION AND DIVERSITY  
 
Snails are the members of second largest phylum Mollusca after 
Arthropoda, constitute 6% of species existed on the earth 
(Hinegardner, 1974). They are highly diversified in nature.  
Besides their extensive presence worldwide, the snail species 
faces endemism because of environmental degradation and 
habitat loss (Bambaradeniya, 2006; Moreira et al., 2015). Intro-
duction of alien species is another main factor in species extinc-
tion of snails (Kay, 1995). According to IUCN red list report on 
threatened species, in last 400 years nearly about 30% of snail 
fauna got extinct (Goodfriend et al., 1994).  Recently, red list 
category summary report-2020 for the class gastropoda  
released by the IUCN (Table1 and Figure 1) reveals that nearly 
about 267 species got extincted from the earth, 14 are extinct in 
the wild, 130 are in the category of critically endangered, 592 
are critically endangered, 500 are endangered, 962 are vulnera-
ble, 626 are with the tag of near threatened, 1,631 are data  
deficient and 2,612 gastropod species are in the category of 
least and lower concern (IUCN, 2020). 
 
Terrestrial snails: Diversity and distribution 
The terrestrial snails includes diverse group of approximately 
35,000 species with authentic description in the documented 
literature (Sen et al., 2012). Also, there is huge number (11000-
40000) of undescribed terrestrial snail species (Tronstad, 2011). 
Besides such a large number of diversified species, world of 
snails is still undescribed and unexplored because taxonomists 
only considered the outer shell morphology as a special charac-
teristics of these gastropods (Kumar et al., 2017) and also the 
lack of expert taxonomists to study richness in diversity and 
distribution of snails is an important factor for their persisting 
unexploration (Strong et al., 2007). Scientists and explorers 
mapped many frontiers including tallest mountain ranges, deep 
underwater ecosystems, subglacial lakes etc. but large part of 
the earth is still unexplored which may considered to be the  
natural home for many interesting species of snails (Ficetola  
et al., 2019). Poor exploration of the snails taxa is also facing the 
problem of underestimation of diversity richness of the group 
and region (Oroño and Romero, 2007; III, B. O. S., Batomalaque 
and Fontanilla, 2014; Miller et al., 2018). 
Diversity and distribution of any species depends upon some 
environmental determinants or variables (Table 2) that influ-
ence the richness of species at a particular region. Likewise, 
many studies and researches carried out to explore the respon-
sible variables for snail’s diversity and their distribution across 
the globe but still not be able to reflect the complexity of snail’s 
diversity. A study by Nunes and Santos on the distribution of 
land snails across Atlantic rain forest of Brazil reveals that  
environmental variables like atmospheric temperature, canopy 
closure, air and soil humidity, litter depth and luminosity influ-
ences their distribution (Nunes and Santos, 2012). According to 
the study by Giovanelli et al. (2005), the distribution pattern of 
Physa marmorata and M. tuberculata was affected by rainfall and 
water flow in the region (Giovanelli et al., 2005). In a similar 
study by Douglas and Pederson (2013) confirms the role of  
forest disturbance due to anthropogenic activities as one of the 
important variable that affects snails diversity (Douglas and 
Pederson, 2013). 
 
Freshwater snails: Diversity and distribution 
Presence of freshwater snails is located on every continent of 
earth except Antarctic region (Strong et al., 2008). They are 
found in freshwater sources such as lakes, streams, ponds, 
springs, aquifers and ditches, stones, aquatic vegetation etc. 
(Strong et al., 2008). Taxonomic review of freshwater snails 
(Figure 2) reveals authentic description of ~4000 species with 
33 to 38 independent lineages of this group (Bouchet  and  
Rocroi, 2005).  Similar to terrestrial species, they also face the 
major concerns of habitat loss and pest infestation. Anthropo-
genic activities like Dam formation on rivers, industrial water 
pollution, thermal pollution etc. leads to extinction of freshwa-
ter snail species. IUCN placed this group under “Threatened 
Species”. During their evolutionary history, ~20% extinction 
rate has been observed in whole molluscian taxa (Strong et al., 
2008). Richest diversity of fresh water gastropods are found 
among North American region and contribute in heritage  
richness of global importance. The diversity and distribution 
pattern of freshwater snails is affected by anthropogenic  
activities that cause serious damage to the natural habitats of 
these snails (Cummings et al., 2004). The destruction of habitat 
causes decline in species diversity. This problem takes the shape 
of major environmental concern in the early 20th century.  
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According to study report by Tennessee Aquarium Research 
Institute of United States of America on the aquatic biodiversity 
of North America, this is one the region of the world where the 
aquatic species including freshwater snails are under serious 
threat of extinction (Johnson, 2009). It has been reported that 
nearly about sixty species of freshwater snails became extinct 
and twenty species are under threat of extinction in last 80 
years in North America (Johnson, 2009). 
 
Marine snails: Diversity and distribution 
Marine snails are highly diverse with the 52,525 described  
species all across the globe (Lydeard et al., 2004; Bouchet et al., 
2006). Marine species of snails inhabit sandy shores, coastal 
areas, deep sea trenches, estuaries, intertidal, subtidal zones 
etc. Some species are well adapted to extreme environmental 
conditions like high saline conditions of Caspian Sea and other 
salty lakes situated in Africa, Australia and central Asia 
(Finlayson, 2016; Smyth and Elliott, 2020). Marine species are 
highly diverse in their shell structure and other physiological 
characteristics such as presence of operculum. Marine snails 
include the diverse species of cone snails which are known for 
their magical properties in the field of medicines.  These snails 
secrete venom which is known to contain neurotoxins known as 
“conotoxins” (Bulaj et al., 2003). There are varieties of special 
kind of protein peptides known as conopeptides in these  
conotoxins (Gao et al., 2017). The genus conus is one of the  
diversified group of marine snails having ~600 species with valid 
description in the scientific literature (Puillandre and Holford, 
2010). 
 
ECOLOGICAL IMPORTANCE  
 
Snails are highly sensitive animals towards any change in its 
environment and therefore helpful in prediction of climatic  
variations. In 1839, Charles Darwin proves their usefulness in 
understanding the ongoing changes in environment (Naggs  
et al., 2006). They emerged as useful research objects in under-
standing the evolutionary, phylogenetic, biodiversity and con-
servation studies (Schilthuizen et al., 2005; Davison and Chiba, 
2008). Snails have unique dispersal pattern which is prominent-
ly based upon the past and existing environmental conditions 
(Naggs et al., 2006; Wade et al., 2006). Therefore, snails prove to 
be helpful in studying historical perspective of biogeography 
and reconstruction of past climatic conditions on the earth 
(Mayer, 2005; Gümüş, 2009). Their presence in aquatic ecosys-
tem influences the local resident community of particular area.  
Figure 1. Conservation status of various gastropod species and orders (IUCN, 2020). 
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Studies establish the relationship of sea snails (genus Ilyanassa) 
with the distribution pattern and abundance of resident in fauna 
community (Cranford, 1988). Ecological importance of snails is 
discussed below: 
 
Integral part of soil fauna 
The terrestrial snails play an important role in soil ecosystem. 
Other components (e.g. fungi, bacteria, plants and rhizospheric 
soil) of ecosystem interact with each other and ensure nutrient 
cycling and other biogeochemical activities for the sustenance 
of life (Moore et al., 1988). In similar way, molluscs perform intra 
and extracellular bio-mineralization process for ensuring  
calcium availability in the soil (Simkiss, 1976). They also play a 
significant role in organic matter decomposition at initial stages 
by consuming litter and enhance the biological activity of other 
actors involved in it (de Oliveira et al., 2010). 
 
Role as crop pests and vectors 
Giant African land snail, Achatina fulica belongs to the family 
Achatinidae is considered as worst pest worldwide (Fischer et al., 
2006). These snails usually prefer mild climates for their growth 
and development (Raut and Barker, 2009). Recently, their  
presence is extended to Bhutan (Sarma et al., 2015) and start  
destroying agricultural crops and flower farming and contribute 
in extinction of native fauna and hence causes biodiversity loss 
Varun Dhiman et al. /Arch. Agric. Environ. Sci., 5(2): 205-217 (2020) 
(Ohlweiler et al., 2010). These snail species are also act as  
vectors of various diseases and transmit Angiostrongyliasis  
infection in humans because this snail species is the intermedi-
ate host of roundworm parasite, Angiostrongylus cantonensis 
responsible for this infectious disease (Thiengo et al., 2010). 
Some snail’s species like Theba pisana also act as pest and  
destroy ornamental and citrus plants.  
 
Food source   
Remains of snails have been discovered in sites of Pleistocene 
and Mid-Holocene ages. They were one of the main source of 
food during that time (Lubell, 2004). Terrestrial snails were  
suggested to be the first domesticated animals of humans 
(Fernández-Armesto, 2003). Various studies confirm the role of 
snails as food source in prehistoric times and people practicing 
the snail farming (BAHN, 1983; Lubell, 2004). In African region, 
some species of snails are used as a meat source and have an 
equal importance as fish meat. Freshater snails are used as sea 
food by coastal area residents. 
 
Model organism to study co-evolution and species interactions  
The study of fungal growth and interaction of marine snail  
species Littoraria irrorata is very interesting in understanding the 
complex mechanism of Co-evolution and species interactions 
(Silliman and Newell, 2003). 
Figure 2. Overview of Taxonomy of gastropods including families of freshwater Snails (Bouchet et al., 2005; Lysne et al., 2008). 
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Effect on epiphytic communities 
Freshwater snails feeds on epiphytic communities (e.g. algal,  
bryophyte and microbial communities) of freshwater ecosystem, 
thereby have a positive impact on distribution, density of the these 
communities (Brönmark, 1989; Yang et al., 2020; Liu, 2020). 
 
Condition and history of site 
Terrestrial snails are very suitable biological indicators for  
determining the condition of particular site and helps in under-
standing the related past incidents. Due to limited movability of 
snails, they help in reconstruction of past conditions like soil 
moisture, forest fire etc.  The study of genetic variability among 
the snails provides an opportunity to understand mechanism of 
natural selection (Davison, 2002). 
 
Negative interactions 
Some species of snails are involved in negative interactions with 
other organisms (Turner et al., 2007). They carry different para-
sites that cause diseases in other mammals. Snails eat the fecal 
matter of white tailed deer, Odocoileus virginianus which known 
to contain larvae of cervid brainworm Parelaphostrongylus  
tenuis responsible for affecting central nervous system of 
moose, caribou and elk (Baker, 2008). 
 
Table 2. Environmental variables influence distribution and diversity of terrestrial snails. 
Environmental  
Variables 
Impacts References 
 Climatic Variables -Estimation of future displacement of Megalobulimus sanctipauli due to increasing  
temperature from Atlantic forest to new sites. 
-Growth and reproductive capacity of Cepaea nemoralis is altered due to high tempera-
ture and low humidity thereby influences its diversity and distribution. 
-Current climate is helpful in expanding distribution of Achatina fulica (Giant African 
Snail) across the eastern, peninsular India. This snail is under the category of one of the 
worst alien species. 
-Due to rise in temperature, elevation shift (164 meter) is observed in land snail  
species, Arianta arbustorum in Swiss National Park. 
(Richardson, 1974; Baur and 
Baur, 2013; Beltramino et al., 
2015; Sarma, Munsi and  
Ananthram, 2015). 
Availability of   
Calcium and other 
Elements in Soil 
-Snail density depends upon Ca and other elements availability in soil. 
-Ca influences the distribution pattern and species richness of terrestrial snails. 
-Strong association of distribution of land snails and Ca availability is confirmed by a 
study conducted in Central Appalachian mountain forest, Maryland. 
-Arianta arbustorum like to eat phosphorus rich Urtica dioica plant species. 
-Studies confirm the role of Mg in Growth and development of snails. 
(Pigott and Taylor, 1964; Gomot  
et al., 1989; Hotopp, 2002; 
Juřičková et al., 2008). 
 Soil pH -Studies established the correlation between snail’s population and soil pH. (Gardenfors, 1992). 
  
Soil Acidification -Acidification results in lowering pH of soil. 
-Imposes negative effects on land snail species. 
-Causes calcium leaching. 
-Ultimately results in death of snails and therefore affect snail’s diversity and distribu-
tion. 
(Hallbäcken and Tamm, 1986; 
Falkengren-Grerup, 1986;  
Falkengren-Grerup et al., 1987). 
Moisture and Rainfall -Population of snails existed near moist places. 
-Ovachlamys fulgens lays its eggs in humid environment. 
-Rainfall directly affects the diversity of snails. 
-Studies establish the relationship between rainfall and shell size of snails. 
(Barrientos, 2000; Tattersfield  
et al., 2001; Kadmon and Heller, 
1998). 
Altitude -A study confirms the higher abundance of snails at higher altitudes (1000-1500  
meter) than at lower altitude. 
-Slope aspect, angle and elevation are in direct relation with snail’s diversity and  
distribution. 
(Peter Tattersfield et al., 2006; 
Dillon, 1980). 
Habitat Conditions -Distribution of snails is highly dependent on habitat conditions of an area. 
-Type of vegetation, thickness, canopy height and cover also influence the distribution 
of snail species. 
(Cowie, 1995; Dillon, 1980). 
(Barrientos, 2000). 
Latitudinal variation -Distribution of small sized snails decreases on increase of latitude. 
-Decline in snail’s diversity along the Western Ghats, India. 
(Hausdorf, 2006; Aravind et al., 
2005). 
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BIODIVERSITY THREAT ASSESSMENT 
 
Biodiversity threat assessment is an essential and fundamental 
aspect that paves the way forward in understanding the risks 
associated with the ecosystem biodiversity and helping in devel-
opment of future strategies needed for its conservation (Keith, 
2015). Threat assessment approach of different ecosystems 
including terrestrial, freshwater and marine ecosystem, allows 
the scientific community to estimate the state of ecosystem 
through a time series thereby helps in improving natural biodi-
versity (Rodríguez et al., 2015). This approach promotes the 
need of in-situ biodiversity conservation (Keith et al., 2015). In 
2014, IUCN adopted the risk assessment protocol which  
involves red list of ecosystem criteria and categories. Their main 
motive was to describe and explore the applications of threat 
assessment, strategic ecosystem management and planning 
(Keith, 2015). In the present scenario, it is the need of hour to 
access the persisting threats to the biodiversity. Therefore,  
biodiversity threat assessment is an important tool for biodiver-
sity conservation with its corrective and productive measures. 
Major Threats Impacts References 
Climate Change and  
Temperature Variability 
 -Climate change causes temperature fluctuations, directly influences the life 
cycle, reproductive capacity and population dynamics of snails. 
-Low temperature causes destruction of snail eggs. 
-Changing temperature modified the future distribution pattern of the  
species. 
(Nicolai et al., 2010; Nicolai and 
Ansart, 2017). 
Drought -It influences the physiological activities like thermoregulation. 
-Snails undergo aestivation during this period. 
-High mortality rate. 
-Desiccation of snail’s body. 
-Low reproduction due to low sperm viability. 
(Nicolai et al., 2011;  Heller and 
Ittiel, 1990; Machin, 1964; Raut 
and Ghose, 1982). 
Floods -Directly affects the terrestrial fauna. 
-Drowning and death of snails occurs due to hypoxia. 
-Migratory behavior of snail species is being observed during flooding  
situation. 
-Habitat destruction occurs. 
(Plum, 2005; Dahl et al., 1993; 
Nicolai and Ansart, 2017). 
Storms and Hurricanes -Storms and Hurricanes affect population density including spatial distribu-
tion. 
-Induce desiccation stress on snail individuals, affect eggs and young ones. 
(Bloch and Willig, 2006; Nicolai 
and Ansart, 2017). 
Fire -Fire affects the microclimatic conditions necessary for the survival of  
gastropods. 
-It usually modified the source of nutrients, physiochemical properties of top 
soil. 
-Reduces the moisture content, litter and organic residue of the soil. 
(Bellido, 1987; Seastedt and 
Ramundo, 1990; Knapp, 2010). 
Habitat Fragmentation -It influences population size, genetic diversity and inbreeding rate of local 
snail species. 
-Affect dispersal of Gastropods in direct and indirect ways. 
(Fahrig, 2003; Kappes et al., 
2009; Wu et al., 2017). 
Agricultural Activities -Land clearance for agricultural purpose and culture of shifting  
cultivation impose harmful impacts on terrestrial species of snails. 
(Pippard, 2012). 
Predator species -The predator species such as Rattus rattus, Herpestes fuscus, Gallus gallus,  
Anoplolepis gracilipes,  Herpestes auropunctatus and Sus scrofa domesticus are the 
serious concerns that affect their distribution and diversity. 
Tourism and  
Developmental activities 
-Tourism and other developmental activities such as construction of  
buildings, roads, hotels, dams etc. results in deforestation which in turn cause 
habitat loss for many species including snails that are the residents of native 
forests. 
Warfare’s -Bombing of area during any warfare causes serious threats to the living  
communities by destroying forests and human interference with nature. Snail 
communities of Koror (Oreor) and Peleliu (Beliliou) islands were found to 
highly affected during the first and second world war. 
Table 3. Climate change; Drought; Floods; Strom and Hurricanes; Fire; Habitat Fragmentation; Agricultural Activities; Predator 
species; Tourism and Developmental activities and Warfare’s are some of the main threats that impose threat to snail’s  
biodiversity. 
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Biodiversity threat assessment has a number of applications as 
it provides a detailed diagnostic evaluation and comprehensive 
assessment of persisting and upcoming threats of an ecosystem. 
For this purpose, the approach adopts a powerful adaptive man-
agement strategy for ecosystem management and its biodiversi-
ty conservation. Developments of alternative options for con-
servation, their targeted monitoring through scientific evalua-
tion are some of the major elements involved in the biodiversity 
diagnostic evaluation. Similarly, another component known as, 
strategic ecosystem management act as an essential component 
of biodiversity threat assessment (Laurila-Pant et al., 2015). It 
specifically involves the inclusion of supporting structure for the 
actions taken for the improvement of ecological biodiversity. 
This component aggregates the integrated biodiversity manage-
ment system which results in proper regulation of ecosystem 
functioning (Niesenbaum, 2019). Moreover, strategic manage-
ment minimizes the biodiversity risks and contributing in biodi-
versity management. Apart from different aspects, Strategic 
ecosystem management also considers the important aspect of 
environmental performance which describes the vitality and 
health of our ecosystem thereby provide a health bulletin of 
biodiversity in a time interval (IUCN, 2014). Moreover, it has 
been observed that, the collected data and observations of  
biodiversity risk assessment across the globe was varying which 
lessens the efforts of measuring biodiversity change therefore the 
transmission of beneficial consequences of the steps taken for the 
improvement of biodiversity change and its associated impacts on 
the society were not delivered effectively. To address this prob-
lem, biodiversity threat assessment includes the systematic,  
coordinated and effective global tracking of biodiversity across 
the globe and constitutes the Group on Earth Observations  
Biodiversity Observation Network in 2017 which prepares  
strategies for the scientific monitoring of biodiversity change. It 
also leads to the development of Essential Biodiversity variables 
framework and biodiversity observation networks with their 
specified work of coordination and operational biodiversity  
monitoring (Navarro et al., 2017; Leidner et al., 2018). 
 
MAJOR THREATS TO SNAILS BIODIVERSITY 
 
The ever increasing human population results in higher demand 
of natural resources. The overexploitation, unsustainable use, 
deforestation, construction of dams, roads, buildings by  
destroying natural habitats of the animals causes serious threat 
of species extinction. Snail species of terrestrial, freshwater and 
marine origin are highly affected with these activities. The 
change in climatic conditions and introduction of invasive alien 
species in the natural habitat is also an additional factor in biodi-
versity extinction of snails. IUCN report provides the relevant 
information on the current conservation status (Table 1) of  
existed gastropods species which is helpful in understanding the 
present situation of species biodiversity in particular environ-
ment. According to conservation reports and worldwide studies, 
majority of snail species are under: a) Critically Endangered; b) 
Endangered and; c) Vulnerable. Table 3 discusses the major 
threats to the snail’s diversity. 
 
CONSERVATION APPROACHES  
 
Conservation approaches involve biodiversity conservation and 
ecosystem management. These approaches are designed ac-
cording to the organism’s response and its interactions in its 
specific habitat. These approaches consider the role of ecologi-
cal integrity in understanding the behavior of snails and other 
animals with in the natural habitat of these living organisms. The 
reason behind the declining populations and their persistence 
are the two major points to be considered in developing any 
conservation strategy. There is utmost need of studying the 
various traits including the study of life history, habitat condi-
tions, population biology and threatening process of threatened 
species before designing and implementation of conservation 
approaches. However it is the fact that the snails are neglected 
taxa in scientific world as compared to others and therefore 
very less attention has been given towards the conservation of 
these small creatures. Land snails of Australia are one of the 
prominent examples of threatened species which has not been 
yet a major research interest among scientific community 
(Parkyn and Newell, 2013). In the year 2011, IUCN recognized 
the concerns of threatened snail species and draws the atten-
tion of scientific community towards the major issue of snail’s 
extinction. This leads to the development of conservation  
approaches for snails. Some of them are discussed below: 
 
i. Artificial Culture  
ii. Comprehensive Surveys  
iii. Habitat Restoration and Niche Protection  
iv. Pollution Control  
v. Positive Public Perception  
vi. Scientific Research and Development 
vii. Sustainable Land Use 
viii. Watershed Management 
 
i. Artificial culture 
Artificial culture, popularly known as Heliciculture involves  
rising of snail population within artificial environment under 
controlled conditions. This method is one of the best conserva-
tion approach for snails. Fulvius Lippinus in 49 BC mentions 
about rearing of snail species (Beerden, 2010).  
 
ii. Comprehensive surveys 
This method is an important part of conservation approaches of 
snail species. The extent of snail biodiversity is still unexplored 
and unknown to scientists and researchers. So, comprehensive 
surveys are helping in exploring the number of species in wide 
perspective and provide data regarding the present condition of 
the species concerned. On the basis of data provided, conserva-
tion strategies are designed (Duncan et al., 2003). 
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iii. Habitat restoration and niche protection  
Anthropogenic activities such as deforestation and industriali-
zation lead to habitat loss and interfere with normal activities of 
species in its niche. Niche is the place of interactions of animals 
with the different resources necessary for sustenance of life 
(Wiens, 2011). Any destructive activity in Niche and Habitat of 
snails proven to be fatal for population growth and hence alter 
its distribution and biodiversity (Nicolai and Ansart, 2017). For 
the purpose of conservation, niche protection and habitat  
restoration is very important. These strategies involve restora-
tion of biotic and abiotic factors thereby helps in restoring  
natural conditions which are suitable for snail’s population.  
 
iv. Pollution control 
Variation in physical and chemical conditions of the terrestrial 
and aquatic ecosystem influences the distribution pattern and 
normal behavior of the snails. Dumping of variety of toxic waste 
is the main cause of soil and water pollution which ultimately 
influences the snails. Toxic metals from electronic waste leach in 
the soil and water sources and therefore affect the local biodi-
versity of residing species. Heavy metals such as mercury, lead 
and copper interfere with reproductive capacity movement, 
behavior of terrestrial as well as fresh water snail species there-
by impose threat on species population (Allah et al., 2003). So, to 
conserve the population, pollution control measures are taken 
into consideration. 
 
v. Positive public perception 
Positive perception is one of the important aspects for conser-
vation and safety of the concerned species (Bennett, 2016).  
Unfortunately, due to lack of awareness, people have negative 
perception about snails. In the eyes of most of the people, snails 
are slimy, useless creatures that are sluggish and dirty. They are 
unaware of magical properties of snails in curing a number of 
human diseases. Therefore, it is must to spread awareness 
among people related to the snail and its conservation. 
 
vi. Scientific research and development 
Scientific R&D plays its crucial role in conservation of snail spe-
cies. Available literature shows the lack of scientific research 
and development in the field of gastropods ecology. Snails are 
not well studied and neglected in scientific world. Due to lack of 
exploration in world of snails, they are thought to be inferior 
organisms with no role in ecosystem which is completely wrong. 
This mindset is against the conservation of these wonderful 
creatures. Therefore, this is the need of hour to encourage the 
scientific R&D in this field to increase the pace of biodiversity 
conservation of snails (Sen et al., 2012). 
 
vii. Sustainable land use 
Urbanization in present scenario changes the urban land cover 
(Mundhe and Jaybhaye, 2014). This directly influences the  
hydrological and geomorphological characteristics of land, hence 
affect the flora and fauna of that area. Sustainable land use  
provides solution to this serious concern. This is one of the major 
conservation approach involves the integration of natural  
resources (e.g. land; water, biodiversity) and their distribution in a 
balanced and fare manner between the living creatures of the  
terrestrial ecosystem. This practice ensures ample availability of 
food and other life sustaining resources to the individuals of  
species.  
 
viii. Watershed management 
Freshwater snails require water resources (e.g. lakes, rivers, 
ponds etc.) for their breeding, physical and various other biologi-
cal activities. But due to pollution and climate change, these water 
resources are depleting at a very fast rate. Depletion of these 
resources ultimately affects the freshwater snail species in terms 
of their abundance and distribution in the surrounding (Nicolai 
and Ansart, 2017). So, to improve the land use practices and water 
quality, watershed management is practiced which ensures the 
sustainable use of freshwater resources. This method in turn pro-
vides suitable habitat and resources for the population growth of 
snails and hence plays its role in snail’s conservation. 
 
Conclusion 
 
Present paper highlighted the status of snail’s diversity and  
focuses on the approaches designed for their conservation. For 
this purpose, study of systematics, survival strategies and hot 
spots of snails is very important before going to plan and imple-
ment any conservation strategy. The conservation status of 
snails is poorly known due to the rise of biasness between public 
and scientific community for snail’s extinction. It has been con-
cluded that there is urgent need to conserve natural habitats of 
the species, so we have to promote the sustainable develop-
ment. The conservation of snails is going at very slow pace  
because of the lack of experts in this field. So, it is recommended 
to raise funds in the field to attract people and to promote re-
search and development in malacology. Awareness should be 
spread between the general public to change their negative per-
ception about snails by prioritizing the programs of conserva-
tion, establishing snailariums and recovery strategies.   
 
ACKNOWLEDGEMENT  
 
Authors are thankful to the Central University of Himachal  
Pradesh, Central University of Haryana and College of Horticul-
ture and Forestry, Neri for providing necessary facilities for 
writing of this article. 
 
Conflict of Interest: The authors declare no conflict of interest.   
 
Open Access: This is an open access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 
International License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author(s) or 
sources are credited.   
214 
 
Varun Dhiman et al. /Arch. Agric. Environ. Sci., 5(2): 205-217 (2020) 
REFERENCES  
 
Adeyeye, S.A.O., Bolaji, O.T., Abegunde, T.A. and Adesina, T.O. (2020). Processing 
and utilization of snail meat in alleviating protein malnutrition in Africa: a 
review. Nutrition & Food Science, Emerald Publishing Limited,  
https://doi.org/10.1108/NFS-08-2019-0261 
Allah, A. T. A., Wanas, M. Q. A. and Thompson, S. N. (2003). Dissolved heavy metals, 
lead, cadmium and mercury, accumulate in the body of the schistosome 
vector, Biomphalaria glabrata (Gastropoda: Pulmonata). Journal of  
molluscan studies, Oxford University Press, 69(1): 35–41,  
https://doi.org/10.1093/mollus/69.1.35 
Aravind, N.A., Rajashekhar, K.P. and Madhyastha, N. A. (2005). Species diversity, 
endemism and distribution of land snails of the Western Ghats, India.  
Records of the Western Australian Museum, Supplement, Western Australi-
an Museum, 68(1): 31, https://doi.org/10.18195/issn.0313-
122x.68.2005.031-038 
Astor, T. (2014). What do snails do in ecosystems? 
BAHN, P.G. (1983). Aris and Phillips. Warminster. 
Baker, D.G. (2008). Flynn’s parasites of laboratory animals. John Wiley & Sons, 
https://doi.org/10.1002/9780470344552.ch3 
Bambaradeniya, C.N.B. (2006). The fauna of Sri Lanka: status of taxonomy,  
research, and conservation. Iucn. 
Baroudi, F., Al Alam, J., Fajloun, Z. and Millet, M. (2020). Snail as sentinel organism 
for monitoring the environmental pollution; a review. Ecological Indicators, 
113: 106240. 
Barrientos, Z. (2000). Population dynamics and spatial distribution of the terrestri-
al snail Ovachlamys fulgens (Stylommatophora: Helicarionidae) in a tropical 
environment. Revista de Biologia Tropical, 48(1): 71–87,  
http://creativecommons. org/licenses/by/3.0 
Baur, B. and Baur, A. (2013). Impact of climate warming – Upslope shift in the 
distribution of a land snail species in the Swiss National Park. in  
5th Symposium for Research in Protected Areas, Mittersill: 45–48.  
Available at: https://www.zobodat.at/pdf/NP-Hohe-Tauern-
Conference_5_0045-0047.pdf. 
Beerden, K. (2010). A Conspicuous Meal: Fattening Dormice, Snails and Thrushes 
in the Roman World. Petit Propos Culinaires, 90: 79. 
Bellido, A. (1987). Field Experiment About Direct Effect of a Heathland Prescribed 
Fire on Microarthropod Community. Revue D Ecologie Et De Biologie Du 
Sol, 24(4): 603–622. 
Beltramino, A.A., Vogler, R.E., Gregoric, D.E.G. and Rumi, A. (2015). Impact of  
climate change on the distribution of a giant land snail from South America: 
predicting future trends for setting conservation priorities on native malaco-
fauna. Climatic Change, 131(4): 621–633, https://doi.org/10.1007/s10584-
015-1405-3 
Bennett, N.J. (2016). Using perceptions as evidence to improve conservation and 
environmental management. Conservation Biology, Wiley Online Library, 30
(3): 582–592, https://doi.org/10.1111/cobi.12681 
Bloch, C.P. and Willig, M.R. (2006). Context-dependence of long-term responses of 
terrestrial gastropod populations to large-scale disturbance. Journal of  
Tropical Ecology, Cambridge University Press, 22(2): 111–122,  
https://doi.org/10.1017/S0266467405002853 
Boch, S., Prati, D., Werth, S., Rüetschi, J. and Fischer, M. (2011). Lichen endozoo-
chory by snails. PLoS One, 6(4): e18770, https://doi.org/10.1371/
journal.pone.0018770 
Bouchet and Rocroi, J.P.P. (2005). Classification and Nomenclator of Gastropod 
Families. Malacologia, ConchBooks Hackenheim: 47(1–2): 1–397. 
Bouchet, P. and Duarte, C.M. (2006). The Exploration of Marine Biodiversity  
Scientific and Technological Challenges. Fundación BBVA, 33: 1–160.  
Available at: https://www.fbbva.es/TLFU/dat/02 Bouchet_Exploration.pdf  
Brönmark, C. (1989). Interactions between epiphytes, macrophytes and freshwa-
ter snails: A review. Journal of Molluscan Studies, Oxford University Press, 55
(2): 299–311, https://doi.org/10.1093/mollus/55.2.299 
Bulaj, G., Buczek, O., Goodsell, I., Jimenez, E.C., Kranski, J., Nielsen, J.S., Garrett, J.E. 
and Olivera, B.M. (2003). Efficient oxidative folding of conotoxins and the 
radiation of venomous cone snails. Proceedings of the National Academy of 
Sciences, National Acad Sciences, 100(suppl 2): 14562–14568,  
https://doi.org/10.1073/pnas.2335845100 
Chen, J., Su, H., Zhou, G., Dai, Y., Hu, J., Zhao, Y., Liu, Z., Cao, T., Ni, L., Zhang, M. and 
Xie, P. (2020). Effects of benthivorous fish disturbance and snail herbivory 
on water quality and two submersed macrophytes. Science of The Total  
Environment,  136734, https://doi.org/10.1016/j.scitotenv.2020.136734 
Coeurdassier, M., Saint-Denis, M., Vaufleury, A.G.D., Ribera, D. and Badot, P.M. 
(2001). The garden snail (Helix aspersa) as a bioindicator of organophospho-
rus exposure: effects of dimethoate on survival, growth, and acetylcholines-
terase activity. Environmental Toxicology and Chemistry: An  
International Journal, 20(9): 1951–1957, https://doi.org/10.1002/
etc.5620200913  
Cowie, R.H. (1995). Variation in Species Diversity and Shell Shape in Hawaiian 
Land Snails: In Situ Speciation and Ecological Relationships. Evolution, 49(6): 
1191, https://doi.org/10.2307/2410444 
Cranford, P.J. (1988). Behaviour and ecological importance of a mud  
snail (Ilyanassa obsoleta) population in a temperate macrotidal  
estuary. Canadian Journal of Zoology, 66(2): 459–466,  
https://doi.org/10.1139/z88-065 
Cummings, K.S., Frest, T.J., Gargominy, O., Herbert, D.G., Hershler, R., Perez, K.E. 
and Thompson, F.G. (2004). The global decline of nonmarine mollusks.  
Bioscience, 54, 321330. 
Dahl, A., Klemm, M. and Weis, M. (1993). Untersuchung der Land-
Gehäuseschnecken im Rahmen des Pflege-und Entwicklungsplanes für die 
Fischerhuder Wümmeniederung. Report for Biologische Station im Kreis 
Osterholz (BiOS), Tübingen, Germany. 
Davison, A. (2002). Land snails as a model to understand the role of history and 
selection in the origins of biodiversity. Population Ecology, 44(3): 129–136, 
https://doi.org/10.1007/s101440200016 
Davison, A. and Chiba, S. (2008). Contrasting response to Pleistocene climate 
change by ground-living and arboreal Mandarina snails from the oceanic 
Hahajima archipelago. Philosophical Transactions of the Royal Society B: 
Biological Sciences. The Royal Society London, 363(1508): 3391–3400, 
https://doi.org/10.1098/rstb.2008.0113 
de Oliveira, T., Hättenschwiler, S. and Handa, I. T. (2010). Snail and millipede com-
plementarity in decomposing Mediterranean forest leaf litter mixtures. 
Functional Ecology,, 24(4): 937–946, https://doi.org/10.1111/j.1365-
2435.2010.01694.x 
Dhiman, V. (2020). Preliminary toxicity assessment of chromium (Cr) and lead  
(Pb) on terrestrial snail (Helix aspersa). Archives of Agriculture  
and Environmental Science, 5(1): 67–72,  
https:/doi.org/10.26832/24566632.2020.0501010 
Dhondt, A.A. and Hochachka, W.M. (2001). Variations in calcium use by birds 
during the breeding season. The Condor, Oxford University Press, 103(3): 
592–598, https://doi.org/10.1093/condor/103.3.592 
Dillon, J.R.T. (1980). Multivariate analysis of desert snail distribution in an Arizona 
Canyon. Malacologia, 19(2): 201–207. 
Douglas, D.D., Brown, D.R. and Pederson, N. (2013). Land snail diversity can  
reflect degrees of anthropogenic disturbance. Ecosphere, 4(2): 1–14,  
https://doi.org/10.1890/ES12-00361.1 
Duncan, N., Burke, T., Dowlan, S. and Hohenlohe, P. (2003). Survey protocol for 
survey and manage terrestrial mollusk species from the Northwest Forest 
Plan. Version, 3: 70. 
Ebenso, I., Ekwere, U. and Isong, N. (2020). Mycotoxins Contamination In Edible 
Land Snail At Grazing Paddock Environment. Journal of Microbiology,  
Biotechnology and Food Sciences, 9(4): 2308–2319. 
Eeva, T., Rainio, K. and Suominen, O. (2010). Effects of pollution on land snail  
abundance, size and diversity as resources for pied flycatcher, Ficedula 
hypoleuca. Science of the Total Environment, 408: 4165–4169,  
https://doi.org/10.1016/j.scitotenv.2010.05.028 
Falkengren-Grerup, U. (1986). Soil acidification and vegetation changes in  
deciduous forest in southern Sweden. Oecologia, 70(3): 339–347,  
https://doi.org/10.1007/BF00379494 
Falkengren-Grerup, U., Linnermark, N. and Tyler, G. (1987). Changes in acidity  
and cation pools of south Swedish soils between 1949 and 1985.  
Chemosphere, 16(10–12): 2239–2248, https://doi.org/10.1016/0045-6535
(87)90282-7 
Fernández-Armesto, F. (2003). Near a thousand tables: a history of food. Choice 
Reviews Online, Simon and Schuster, https://doi.org/10.5860/choice.40-
3373 
Ficetola, G. F., Canedoli, C. and Stoch, F. (2019). The Racovitzan impediment and 
the hidden biodiversity of unexplored environments. Conservation Biology, 
33(1): 214–216, https://doi.org/10.1111/cobi.13179 
Finlayson, C.M. (2016). The Wetland Book. The Wetland Book: 1–12,  
https://doi.org/ 10.1007/978-94-007-6173-5 
215 
 
Varun Dhiman et al. /Arch. Agric. Environ. Sci., 5(2): 205-217 (2020) 
Fischer, M.L., Simião, M., Colley, E., Zenni, R.D., Silva, D.A.T.D. and Latoski, N. 
(2006). O Caramujo exótico invasor na vegetação nativa em Morretes, PR: 
diagnóstico da população de Achatina fulica Bowdich, 1822 em um fragmen-
to de Floresta Ombrófila Densa Aluvial. Biota Neotropica, 6(2): 1-5, 
https://doi.org/10.1590/s1676-06032006000200029 
Gao, B., Peng, C., Yang, J., Yi, Y., Zhang, J. and Shi, Q. (2017). Cone snails: A big store 
of conotoxins for novel drug discovery. Toxins, Multidisciplinary  
Digital Publishing Institute, 9(12): 397, https://doi.org/10.3390/
toxins9120397 
Gardenfors, U. (1992). Effects of Artificial Liming on Land Snail Populations. The 
Journal of Applied Ecology, 29(1): 50, https://doi.org/10.2307/2404346 
Giovanelli, A., Silva, C.L.P.A.C., Leal, G.B.E. and Baptista, D.F. (2005). Habitat pref-
erence of freshwater snails in relation to environmental factors and the 
presence of the competitor snail Melanoides tuberculatus (Müller, 1774). 
Memórias do Instituto Oswaldo Cruz, SciELO Brasil, 100(2): 169–176, 
https://doi.org/10.1590/S0074-02762005000200010 
Gomot, A., Gomot, L., Boukraa, S. and Bruckert, S. (1989). Influence of soil on the 
growth of the land snail Helix aspersa: An experimental study of the absorp-
tion route for the stimulating factors. Journal of Molluscan Studies, Oxford 
University Press, 55(1): 1–7, https://doi.org/10.1093/mollus/55.1.1-a 
Goodfriend, G. A., Cameron, R. A. D. and Cook, L. M. (1994). Fossil evidence of 
recent human impact on the land snail fauna of Madeira. Journal of  
Biogeography,  309–320, https://doi.org/10.2307/2845532 
Gümüş, B.A. (2009). Anadolu’da Gerçekleştirilen Arkeomalakolojik Çalışmalar. 
Paleontoloji-Stratigrafi Çalıştayı: 1–4. 
Hallbäcken, L. and Tamm, C.O. (1986). Changes in soil acidity from 1927 to 1982-
1984 in a forest area of South-West Sweden. Scandinavian Journal of Forest 
Research, 1(1–4): 219–232, https://doi.org/10.1080/02827588609382413 
Hausdorf, B. (2006). Is theáinterspecific variation ofábody size ofáland snails  
correlated with rainfall ináIsrael andáPalestine? Acta Oecologica, 30(3): 374–
379, https://doi.org/10.1016/j.actao.2006.06.009 
Heller, J. and Ittiel, H. (1990). Natural history and population dynamics of the land 
snail Helix texta in Israel (pulmonata: Helicidae). Journal of Molluscan  
Studies, Oxford University Press, 56(2): 189–204, https://doi.org/10.1093/
mollus/56.2.189 
Hinegardner, R. (1974). Cellular DNA content of the Mollusca. Comparative  
Biochemistry and Physiology. Part A: Physiology, 47(2): 447–460,  
https://doi.org/10.1016/0300-9629(74)90008-5 
Hotopp, K.P. (2002). Land Snails and Soil Calcium in Central Appalachian Mountain 
Forest. Southeastern Naturalist, BioOne, 1(1): 27–44,  
https://doi.org/10.1656/1528-7092(2002)001[0027:lsasci]2.0.co;2 
III, B.O.S., Batomalaque, G. A. and Fontanilla, I.K.C. (2014). An updated survey and 
biodiversity assessment of the terrestrial snail (Mollusca: Gastropoda) spe-
cies in Marinduque, Philippines. Philippine Journal of Science, 143(2): 199-
210.  
IUCN. (2014). A strategic approach on biodiversity: the what, why and how.  
Available at: https://www.iucn.org/sites/dev/files/import/downloads/
iucn_a_strategic_approach_on_biodiversity_summary_briefing_for_business_
web.pdf (Accessed: 14 May 2020) 
IUCN. (2020). Red List Category summary for all animal classes and orders. The 
IUCN Red List of Threatened Species: Summary Statistics, Available at: 
http://www.iucnredlist.org/about/summary-statistics#Tables_3_4 
Jo, J.S., Pak, S.H., Ri, C.H., Cha, S.O., Kim, G.R., Ri, C.I. and Kim, I.S. (2020). Changes 
in soil properties for 6 years of using the freshwater snail (Ampullaria 
tischbeini Dohrn) in a reclaimed sodic soil. Journal of Soils and Sediments, 20
(2): 1018–1025, https://doi.org/10.1007/s11368-019-02472-7 
Johnson, P.D. (2009). Sustaining America’s Aquatic Biodiversity: Freshwater Snail 
Biodiversity and Conservation. Virginia Cooperative Extension, Virginia 
Cooperative Extension, 420–530(May 2009): 1–7. 
Juřičková, L., Horsák, M., Cameron, R., Hylander, K., Míkovcová, A., Hlaváč, J.Č. and 
Rohovec, J. (2008). Land snail distribution patterns within a site: The role of 
different calcium sources. European Journal of Soil Biology, 44(2): 172–179, 
https://doi.org/10.1016/j.ejsobi.2007.07.001 
Kadmon, R. and Heller, J. (1998). Modelling faunal responses to climatic gradients 
with GIS: Land snails as a case study. Journal of Biogeography, 25(3): 527–539, 
https://doi.org/10.1046/j.1365-2699.1998.2530527.x 
Kappes, H., Jordaens, K., Hendrickx, F., Maelfait, J.P., Lens, L. and Backeljau, T. 
(2009). Response of snails and slugs to fragmentation of lowland forests in 
NW Germany. Landscape Ecology, 24(5): 685–697, https://doi.org/10.1007/
s10980-009-9342-z 
Kay, A.K. (1995). The Conservation Biology of Molluscs: Proceedings of a Symposi-
um Held at the 9th International Malacological Congress.  Edinburgh, S 
cotland, 1986. IUCN. 
Keith, D.A. (2015). Assessing and managing risks to ecosystem biodiversity.  
Austral Ecology, 40(4): 337–346, https://doi.org/10.1111/aec.12249 
Keith, D.A., Rodríguez, J.P., Brooks, T.M., Burgman, M.A., Barrow, E.G., Bland, L., 
Comer, P.J., Franklin, J., Link, J., McCarthy, M.A. and Miller, R.M. (2015). The 
IUCN red list of ecosystems: motivations, challenges, and applications.  
Conservation Letters, 8(3): 214–226, https://doi.org/10.1111/conl.12167 
Kiss, T. (2017). Do terrestrial gastropods use olfactory cues to locate and select 
food actively? Invertebrate Neuroscience, 17(3): 9, https://doi.org/10.1007/
s10158-017-0202-2 
Knapp, E.E., Estes, B.L. and Skinner, C.N. (2009). Ecological effects of prescribed 
fire season: a literature review and synthesis for managers. Gen. Tech. Rep. 
PSW-GTR-224.  
Kumar, R., Jaiswar, A.K., Jahageerdar, S., Chakraborty, S.K., Kumar, A.P. and  
Prasad, L. (2017). Comparative taxonomic evaluation of Thais species 
(Order: Gastropoda; Family: Muricidae) of Mollusca from Maharashtra coast 
of India.  Indian Journal of Geo-Marine Sciences, 44(6): 1098–1104. 
Laurila-Pant, M., Lehikoinen, A., Uusitalo, L. and Venesjärvi, R. (2015). How to 
value biodiversity in environmental management?. Ecological Indicators, 55: 1
–11, https://doi.org/10.1016/j.ecolind.2015.02.034 
Leidner, A.K., Geller, G.N., Fernandez, N. and Turner, W.W. (2018). The Group on 
Earth Observations Biodiversity Observation Network (GEO BON):  
Integrating in Situ and Remotely Sensed Observations to Advance  
Biodiversity Monitoring, Research, and Applications I. in AGU Fall Meeting 
2018, AGU. 
Lubell, D. L. (2004). Prehistoric edible land snails in the circum-Mediterranean: the 
archaeological evidence.  Petits animaux et sociétés humaines, Du  
complément alimentaire aux ressources utilitaires. Éditions APDCA,  
Antibes, (January 2004): 77–98. 
Lydeard, C., Cowie, R.H., Ponder, W.F., Bogan, A.E., Bouchet, P., Clark, S.A. and 
Hershler, R. (2004). The global decline of nonmarine mollusks. BioScience, 54
(4): 321-330.  
Lysne, S.J., Perez, K.E., Brown, K.M., Minton, R.L. and Sides, J.D. (2008). A review of 
freshwater gastropod conservation: Challenges and opportunities. Journal of 
the North American Benthological Society, 27: 463–470,  
https://doi.org/10.1899/07-061.1 
Machin, J. (1964). the Evaporation of Water From Helix Aspersa. I. the Nature of 
the. The Journal of experimental biology, 41(4): 759–769,  
https://doi.org/10.1.1.619.134 
Mänd, R., Tilgar, V. and Leivits, A. (2000). Calcium, snails, and birds: A case study. 
Web Ecology, 1, https://doi.org/10.5194/we-1-63-2000 
Mayer, D.B.Y. (2005). An introduction to archaeomalacology. Archaeomalacology: 
Molluscs in Former Environments of Human Behaviour (ed. DE Bar-Yosef 
Mayer), 1-4. 
Miller, J.P., Ramos, M.A., Hauffe, T. and  Delicado, D. (2018). Global species rich-
ness of hydrobiid snails determined by climate and evolutionary history. 
Freshwater Biology, 63(10): 1225–1239, https://doi.org/10.1111/fwb.13128 
Miranda, M. S. and Bôas Correia, L. V. (2020). Food choice in Megalobulimus para-
naguensis (Gastropoda, Eupulmonata). Studies on Neotropical Fauna and  
Environment, 1–4, https://doi.org/10.1080/01650521.2020.1752530 
Moore, J.C., Walter, D.E. and Hunt, H.W. (1988). Arthropod regulation of micro- 
and mesobiota in below-ground detrital food webs. Annual review of  
entomology, Vol. 33. Annual Reviews 4139 El Camino Way, PO Box 10139, 
Palo Alto, CA 94303-0139, USA, 33(1): 419–439, https://doi.org/10.1146/
annurev.en.33.010188.002223 
Moreira, F., Calado, G. and Dias, S. (2015). Conservation status of a recently  
described endemic land snail, Candidula coudensis, from the Iberian Penin-
sula. PloS one, Public Library of Science, 10(9): e0138464 
Moslemi, J.M., Snider, S.B., MacNeill, K., Gilliam, J.F. and Flecker, A.S. (2012).  
Impacts of an invasive snail (Tarebia granifera) on nutrient cycling in tropical 
streams: the role of riparian deforestation in Trinidad, West Indies. PLoS One, 
7(6): e38806, https://doi.org/10.1371/journal.pone.0038806 
Mundhe, N. N. and Jaybhaye, R. G. (2014). Impact of urbanization on land use/land 
covers change using Geo-spatial techniques. International Journal of Geomat-
ics and Geosciences, 5(1): 50–60. 
Naggs, F., Panha, S. and Raheem, D. (2006). Developing Land Snail Expertise in 
South and Southeast Asia, a New Darwin Initiative Project. The Natural 
History Journal of Chulalongkorn University, 6(1): 43–46. 
216 
 
Varun Dhiman et al. /Arch. Agric. Environ. Sci., 5(2): 205-217 (2020) 
Navarro, L.M., Fernández, N., Guerra, C., Guralnick, R., Kissling, W.D., Londoño, 
M.C., Muller-Karger, F., Turak, E., Balvanera, P., Costello, M.J. and Delavaud, 
A. (2017). Monitoring biodiversity change through effective global coordina-
tion. Current Opinion in Environmental Sustainability, 29: 158–169,  
https://doi.org/10.1016/j.cosust.2018.02.005 
Nicolai, A. and Ansart, A. (2017). Conservation at a slow pace: Terrestrial gastro-
pods facing fast-changing climate. Conservation Physiology, Oxford  
University Press, 5(1), https://doi.org/10.1093/conphys/cox007 
Nicolai, A., Filser, J., Briand, V. and Charrier, M. (2010). Seasonally contrasting life-
history strategies in the land snail Cornu aspersum: Physiological and  
ecological implications. Canadian Journal of Zoology, 88(10): 995–1002,  
https://doi.org/10.1139/Z10-066 
Nicolai, A., Filser, J., Lenz, R., Bertrand, C. and Charrier, M. (2011). Adjustment of 
metabolite composition in the haemolymph to seasonal variations in the land 
snail Helix pomatia.  Journal of Comparative Physiology B: Biochemical,  
Systemic, and Environmental Physiology, 181(4): 457–466,  
https://doi.org/10.1007/s00360-010-0539-x 
Niesenbaum, R.A. (2019). The Integration of Conservation, Biodiversity, and  
Sustainability. Multidisciplinary Digital Publishing Institute,  
https://doi.org/10.3390/su11174676 
Nunes, G. K. M. and Santos, S. B. dos (2012). Environmental factors affecting the 
distribution of land snails in the Atlantic Rain Forest of Ilha Grande, Angra 
dos Reis, RJ, Brazil.  Brazilian Journal of Biology, SciELO Brasil, 72(1): 79–86, 
https://doi.org/10.1590/S1519-69842012000100010  
Ohlweiler, F.P., Guimarães, M.C.D.A., Takahashi, F.Y. and Eduardo, J.M. (2010). 
Current distribution of Achatina fulica, in the State of São Paulo including 
records of Aelurostrongylus abstrusus (Nematoda) larvae infestation.  
Revista do Instituto de Medicina Tropical de São Paulo, SciELO Brasil, 52(4): 
211–214, https://doi.org/10.1590/s0036-46652010000400009 
Oroño, E.S., Cuezzo, M.G. and Romero, F. (2007). Land snail diversity in subtropical 
rainforest mountains (Yungas) of Tucumán, northwestern Argentina. Ameri-
can Malacological Bulletin, BioOne, 22(1): 17–26,  
https://doi.org/10.4003/0740-2783-22.1.17 
Parkyn, J. and Newell, D.A. (2013). Australian land snails: a review of ecological 
research and conservation approaches. Molluscan Research, 33(2): 116–129, 
https://doi.org/10.1080/13235818.2013.782793 
Pigott, C. D. and Taylor, K. (1964). The Distribution of Some Woodland Herbs in 
Relation to the Supply of Nitrogen and Phosphorus in the Soil. The Journal of 
Animal Ecology, 33: 175,  https://doi.org/10.2307/2438 
Pippard, H. (2012).The current status and distribution of Land snails in the Pacific 
Islands of Oceania. p. 77. 
Plum, N. (2005). Terrestrial invertebrates in flooded grassland: A literature review. 
Wetlands, Springer, 25(3): 721–737, https://doi.org/10.1672/0277-5212 
Pouil, S., Samsudin, R., Slembrouck, J., Sihabuddin, A., Sundari, G., Khazaidan, K., 
Kristanto, A.H., Pantjara, B. and Caruso, D. (2020). Effects of shading, fertili-
zation and snail grazing on the productivity of the water fern Azolla filicu-
loides for tropical freshwater aquaculture. Aquatic Botany, 160: 103150, 
https://doi.org/10.1016/j.aquabot.2019.103150 
Puillandre, N. and Holford, M. (2010). The Terebridae and teretoxins: Combining 
phylogeny and anatomy for concerted discovery of bioactive compounds. 
BMC Chemical Biology, 10(1): 7, https://doi.org/10.1186/1472-6769-10-7 
Raut, S.K. and Barker, G.M. (2009). Achatina fulica Bowdich and other Achatinidae 
as pests in tropical agriculture. Molluscs as crop pests,  
https://doi.org/10.1079/9780851993201.0055 
Raut, S. K. and Ghose, K. C. (1982). Viability of sperms in aestivating Achatina fulica 
Bowdich and Macrochlamys indica Godwin-Austen. Journal of Molluscan 
Studies, Oxford University Press, 48(1): 84, https://doi.org/10.1093/
oxfordjournals.mollus.a065622 
Richardson, A. M. M. (1974). Differential climatic selection in natural population of 
land snail Cepaea nemoralis. Nature, 247(5442): 572–573,  
https://doi.org/10.1038/247572a0 
Rodríguez, J.P., Keith, D.A., Rodríguez-Clark, K.M., Murray, N.J., Nicholson, E., 
Regan, T.J., Miller, R.M., Barrow, E.G., Bland, L.M., Boe, K. and Brooks, T.M. 
(2015). A practical guide to the application of the IUCN Red List of Ecosys-
tems criteria. Philosophical Transactions of the Royal Society B: Biological 
Sciences. The Royal Society, 370(1662): 20140003, https://doi.org/10.1098/
rstb.2014.0003 
Sabovljević, M.S. and Sabovljević, A.D. (2020). Introductory Chapter: Bryophytes 
2020. in Bryophytes, IntechOpen, https://doi.org/10..5772/
intechopen.91420 
Sarma, R. R., Munsi, M. and Ananthram, A. N. (2015). Effect of climate change on 
invasion risk of giant African snail (Achatina fulica Férussac, 1821: 
Achatinidae) in India.  PLoS ONE,, 10(11): e0143724,  
https://doi.org/10.1371/journal.pone.0143724 
Schilthuizen, M., Liew, T.S., Elahan, B.B. and Lackman-Ancrenaz, I.S.A.B.E.L.L.E. 
(2005). Effects of karst forest degradation on pulmonate and  
prosobranch land snail communities in Sabah, Malaysian Borneo.  
Conservation Biology, 19(3): 949–954,  https://doi.org/10.1111/j.1523-
1739.2005.00209.x 
Seastedt, T.R. and Ramundo, R.A. (1990). The influence of fire on belowground 
processes of tallgrass prairie. Fire in the North American tallgrass prairie, p. 
99–117. 
Sen, S., Ravikanth, G. and N A, A. (2012). Land snails (Mollusca: Gastropoda) of 
India: status, threats and conservation strategies. Journal of Threatened Taxa, 
4: 3029, https://doi.org/10.11609/JoTT.o2722.3029-37 
Shachak, M. and Steinberger, Y. (1980). An algae—desert snail food chain: energy 
flow and soil turnover. Oecologia, 46(3): 402–411, https://doi.org/10.1007/
BF00346271 
Silliman, B. R. and Newell, S. Y. (2003). Fungal farming in a snail. Proceedings of the 
National Academy of Sciences of the United States of America, National 
Acad Sciences, 100(26): 15643–15648, https://doi.org/10.1073/
pnas.2535227100 
Simkiss, K. (1976). Intracellular and extracellular routes in biomineralization. in 
Calcium in biological system, p. 423. 
Smyth, K. and Elliott, M. (2020). Effects of changing salinity on the ecology of the 
marine environment. in, https://doi.org/10.1093/acprof%
3Aoso/9780198718826.003.0009 
Strong, E.E., Gargominy, O., Ponder, W.F. and Bouchet, P. (2007). Global diversity 
of gastropods (Gastropoda; Mollusca) in freshwater.  in Freshwater animal 
diversity assessment, Springer:  149–166, https://doi.org/10.1007/978-1-
4020-8259-7_17 
Strong, E.E., Gargominy, O., Ponder, W.F. and Bouchet, P. (2008). Global diversity 
of gastropods (Gastropoda; Mollusca) in freshwater. Hydrobiologia,  
149–166, https://doi.org/10.1007/s10750-007-9012-6 
Tattersfield, P., Seddon, M.B., Ngereza, C. and Rowson, B. (2006). Elevational  
variation in diversity and composition of land-snail faunas in a Tanzanian 
forest. African Journal of Ecology, 44(1): 47–60, https://doi.org/10.1111/
j.1365-2028.2006.00612.x 
Tattersfield, P., Warui, C.M., Seddon, M.B. and Kiringe, J.W. (2001). Land-snail 
faunas of afromontane forests of Mount Kenya, Kenya: Ecology, diversity 
and distribution patterns. Journal of Biogeography, 28(7): 843–861, 
 https://doi.org/10.1046/j.1365-2699.2001.00606.x 
Thiengo, S.C., Maldonado, A., Mota, E.M., Torres, E.J.L., Caldeira, R., Carvalho, 
O.D.S., Oliveira, A.P.M.D., Simões, R.O., Fernandez, M.A. and Lanfredi, R.M. 
(2010). The giant African snail Achatina fulica as natural intermediate host  
of Angiostrongylus cantonensis in Pernambuco, northeast Brazil. Acta  
Tropica,  115(3): 194–199, https://doi.org/10.1016/
j.actatropica.2010.01.005 
Tronstad, L.M. (2011). Survey of land snails at Devils Tower National Monument. 
Report prepared by the Wyoming Natural Diversity Database, University of 
Wyoming, Laramie, Wyoming for Devils Tower National Monument,  
National Park Service, Wyoming. 
Turner, A.M., Turner, R.R. and Ray, S.R. (2007). Competition and intraguild egg 
predation among freshwater snails: re-examining the mechanism of  
interspecific interactions. Oikos, 116(11): 1895–1903,  
https://doi.org/10.1111/j.0030-1299.2007.15883.x 
Vermeij, G.J. (2015). Gastropod skeletal defences: land, freshwater, and sea  
compared. Vita Malacologica, 13: 1–25. 
Wade, C. M., Mordan, P. B. and Naggs, F. (2006). Evolutionary relationships among 
the Pulmonate land snails and slugs (Pulmonata, Stylommatophora).  
Biological Journal of the Linnean Society, Oxford University Press, 87(4):  
593–610, https://doi.org/10.1111/j.1095-8312.2006.00596.x 
Wang, J., Lu, X., Zhang, J., Ouyang, Y., Qin, Z. and Zhao, B. (2020). Using golden 
apple snail to mitigate its invasion and improve soil quality: a biocontrol 
approach. Environmental Science and Pollution Research, 1–12,  
https://doi.org/10.1007/s11356-020-07998-9 
Wiens, J. J. (2011). The niche, biogeography and species interactions. Philosophical 
Transactions of the Royal Society B: Biological Sciences.  
The Royal Society, 366(1576): 2336–2350, https://doi.org/10.1098/
rstb.2011.0059 
217 
 
Varun Dhiman et al. /Arch. Agric. Environ. Sci., 5(2): 205-217 (2020) 
Wu, Q.-Q, Liang, Z.-S, Liu, J.-J, Yu, M.-J and Hu, G. (2017). Effects of habitat  
fragmentation on biodiversity in China. Chinese Journal of Ecology,  
Annual Reviews 4139 El Camino Way, PO Box 10139, Palo Alto, CA 94303-
0139, USA, 36(9): 2605–2614, https://doi.org/10.13292/j.1000-
4890.201709.012 
Yang, L., He, H., Guan, B., Yu, J., Yao, Z., Zhen, W., Yin, C., Wang, Q., Jeppesen, E. and Liu, 
Z. (2020). Mesocosm experiment reveals a strong positive effect of snail pres-
ence on macrophyte growth, resulting from control of epiphyton and nuisance 
filamentous algae: Implications for shallow lake management. Science of the Total 
Environment, 705: 135958, https://doi.org/10.1016/j.scitotenv.2019.135958 
